I
N .1954 our research group reported that modest to high level, persistent hypertensions could be produced in dogs by bilateral constriction of the carotid sinus area by means of a plastic clamp which reduced the volume pulse of the sinus and the internal carotid, occipital, and external carotid arteries to approximately one third normal. 1 This report suggested that the hypertension was probably not due to altered carotid sinus function but to altered cerebral hemodynamics. The report summarized previous attempts to produce experimental cerebral hypertension but inadvertently omitted reference to the work of Rosenfeld, who produced a mild hypertension in rabbits by bilateral ligation of the internal and external carotid arteries. 2 Recently hypertension produced by bilateral constriction of the carotid sinus area in dogs has been confirmed in another laboratory and found to be unaffected by bilateral frontal leukotomy or lobectomy. 3 We have continued observations on the hypertensive dogs of our first report, and have produced hypertension in additional dogs by bilateral constriction of the carotid sinus area. We have also studied the effects of bilateral constriction of the internal carotid, occipital, and external carotid arteries above the sinus, of bilateral constriction of the vertebral arteries, and of bilateral resection of the carotid sinus in Aided by grants H-2074 and H-2074-C of the National Heart Institute of the U. S. Public Health Service, the American Heart Association, and the Chicago Heart Association.
Received for publication July 5, 1957. dogs. In further attempts to determine the pathogenesis of this hypertension, cerebral angiography was performed and the effect of intravenous sodium cyanide on respiration was observed to indicate the functional status of the carotid body (and inferentially the carotid sinus baroceptors and carotid sinus nerve). Passive immunization with antirenin was conducted to stud}' the possible role of the kidney and the renin-angiotonin (hypertensin) mechanism. The effects on the hypertension of pentobarbital anesthesia, and of acute and chronic injections of phenoxybenzamine (Dibenzyline) were also determined.
METHODS
A smaller, circular, plastic clamp illustrated by figure 1 was used to constrict the carotid sinus area of dogs operated upon more recently. As before, volume pulse of the sinus and its immediate arterial branches was reduced to approximately one third its previous value. Mean blood pressure was measured by direct femoral artery puncture once a week unless otherwise stated. Constriction of the internal carotid, occipital, and external carotid arteries above the sinus was accomplished by placing the internal carotid artery and occipital artery in one Goldblatt monkey clamp 4 and the external carotid artery in a second Goldblatt monkey clamp, leaving the carotid sinus nerve essentially intact. Constriction by the monkey clamps reduced the volume pulse of these vessels distal to the clamp to one third its previous value. Constriction of the vertebral artery was produced by inclosing the artery in a Goldblatt monkey clamp before the artery enters the foramen transversarium of the sixth cervical vertebra and setting the clamp opening so that the peripheral volume pulse was reduced to approximately one third its previous value.
Cerebral angiography was performed under pentobarbital anesthesia (30 mg./Kg. intraperitoneally). After surgical exposure, the common carotid artery was injected with 10 ml. of 35 per cent iodopyracet (Diodrast) as rapidly as possible through an IS gage needle. Roentgenograms were taken in the anteropostero and lateral positions and timed so that the film was exposed just before the last iodopyracet was injected. A Bueky grid was used and the film was 36 cm. from the tube.
The respirator}' response to 0.2 mg./Kg. of sodium cyanide injected intravenously was graded + if there was slight hyperpnea, + + if moderate hypernea, and + + + if marked hyperpnea with gasping. The response appeared within 15 sec. and + •+• + was considered normal.
High titcr homologous antiserum containing antirenin to hog renin was divided into 4 doses and administered subcutaneously over 2 clays in an amount sufficient to produce an antirenin titer to hog renin of 5 A.U. (antirenin units) or more/ml, of plasma. This titer has invariably produced an antihypertensive effect in experimental renal, 6 spontaneous, and pyelonephritic hypertensive dogs. 6 Blood pressure and antirenin titer were determined on the third, fifth, and seventh days of the experiment. The method of assaying antirenin has been described. 5 Blood pressure was determined during pentobarbital anesthesia (30 mg./Kg. intraperitoneally) adjusted to similar depth (corneal reflex barely present) by additional pentobarbital intravenously if necessary.
Phenoxybenzamine (Dibenzyline*) was given intravenously (2 mg./Kg.) and blood pressure measured \y2, 3, and 24 hours after injection. Each dog was given a control injection of the same volume of propylene glycol based solvent* 1 month or more later. To determine its chronic effect, phenoxybenzamine, 2 mg./Kg. was administered intravenously daily for 2 months, followed by 4 mg./Kg. for 2 months, and 4 mg./Kg. intramuscularly for 2 months. Control experiments were conducted with phenoxybenzamine solvent.
* Supplied through the courtesy of Dr. E. J. Fellows, Smith, Kline and French, Philadelphia, Pa. Table 1 shows the hypertensions following bilateral carotid sunus area constriction in 14 dogs. Ten of these animals were included in our first report when the longest period of hypertension was 12 months. The remaining 4 dogs (no. 5, 6, 8, and 10) were constricted bilaterally with the smaller, circular clamp. When the hypertension developed 1 to 3 weeks following constriction, the blood pressure increase is termed "acute" in table 1, and when the hypertension developed over a period of 3 to 4 months, the increase is termed "gradual." Though the blood pressure increase of dog no. 13 was statistically significant, we do not regard the increase as hypertension. The hypertensions of the 12 dogs were well-maintained throughout their observation periods. Figure 2 summarizes the longest hypertension (47 months).
RESULTS

Production of Hypertension.
Bilateral constriction of the internal carotid, occipital, and external carotid arteries above the sinus in 4 dogs produced modest hypertensions which have been followed up to 17 months (table 2) .
Of 6 dogs subjected to bilateral vertebral artery constriction, one showed a gradual increase in blood pressure to a distinctly hypertensive level which has been maintained for 32 months (table 3) . AVhile dog no. 20 showed a statistically significant blood pressure increase, we do not regard this as hypertension. Table 4 shows that 5 of 6 dogs subjected to bilateral carotid sinus resection developed modest hypertensions which have been maintained for 16 to 29 months. One dog showed no hypertension but developed personality change (viciousness) which required sacrifice 4 months after operation.
iVfter the first postoperative week, the heart rate, body temperature, appetite, body weight, urinalysis, and general clinical condition of all the dogs remained normal throughout their periods of observation, with the exception of the personality change mentioned.
Cerebral Angiography. Six control dogs showed a normal cerebral vascular pattern and normal carotid sinus area ( fig. 3.4) . Six carotid sinus area hypertensive dogs injected bilaterally (at a hypertensive dog showed this response. Two dogs with hypertensions produced by carotid sinus area constriction showed a + + response. Thirteen dogs with hypertensions variously produced by carotid sinus resection (4 dogs), carotid sinus area constriction (7 dogs), and constriction above the sinus (2 dogs), showed a + response, suggesting that the difference between a + and + + + response is the difference between aortic body stimulation alone and carotid body plus aortic body stimulation. One carotid sinus area hypertensive dog and 1 carotid sinus resected hypertensive dog showed no change in respiration after sodium cyanide. The inference that destruction of carotid body function may have been accompanied by destruction of carotid sinus baroceptor and nerve function in the carotid sinus area hypertensive dogs, is supported by the finding that when dogs no. 14 and 9 were sacrificed in acute experiments under ether anesthesia, carotid sinus pressor reflexes were absent, whereas cardiovascular-respiratory vagal responses were intact. Sections of the carotid sinus area (stained with hematoxylin and eosin) from dog no 9 showed extensive fibrosis of the sinus wall, no carotid body, and no baroceptors or nerve fibers Antirenin. None of the 6 carotid sinus area and 1 vertebral artery constricted hypertensive dogs passively immunized with antirenin showed a significant change in blood pressure (table 5) .
Pentobarbital Anesthesia. Pentobarbital anesthesia had a variable effect on the blood pressure of 6 control, 7 carotid sinus area hypertensive, 2 carotid sinus branch constricted hypertensive, and 4 buffer nerve hypertensive dogs (table 6) . Some dogs showed no significant change, others a significant decrease, and still others a significant increase. Although the response of the buffer nerve hypertensive dogs was not significantly different from the others, figure 4 . Table 8 and figure 5 show the reduction to normotension produced by chronic treatment of 3 carotid sinus area hypertensive dogs with phenoxybenzamine for 6 months. The dogs tolerated the course of phenoxybenzamine well, showing no toxic effects, except tachycardia which has been described in humans on phenoxybenzamine injections. A course of phenoxybenzamine solvent was without significant effect on the blood pressure of 1 of the dogs.
DISCUSSION
While the results demonstrate that carotid sinus area hypertension can be high level and maintained for years, they do not settle its pathogenesis. As previously mentioned, the two most likely possibilities are altered cerebral hemodynamics and absent or otherwise altered carotid sinus baroceptor function. The production of hypertension in 4 dogs by bilateral constriction of the internal carotid, occipital, and external carotid arteries above the sinus supports the concept of an alteration in cerebral hemodynamics since damage to the sinus nerve was avoided at operation and the hypertensions in 3 of the dogs appeared in less than 1 week, during which the carotid sinus nerve probably continued to function. Indeed, carotid sinus baroceptor function should have acted against the development of hypertension in these dogs. However, when injected with sodium cyanide after 8 months of hypertension, 2 of the dogs showed a + response, indicating absent carotid body function and implied absent carotid sinus baroceptor and nerve function. The development of hypertension in 1. of the 6 vertebral artery constricted dogs also suggests an alteration in cerebral hemodynamics as pathogenetic. Whether the failure of the other 5 dogs to develop hypertension is related to well-known variations in the contribution of the vertebral and carotid arteries to the cerebral circulation, to possible thrombosis of the vertebral arteries in the region of the clamp (found in 1 dog sacrificed a few weeks after operation because of viciousness and not included in table 3), or to other cause, remains to be determined. The vertebral arteries of additional dogs should be constricted by a technic less likely to cause the artery to thrombose.
The modest hypertensions produced by bilateral carotid sinus resection in 5 of 6 dogs were unexpected since there is general understanding, confirmed by several reports, to the effect that this procedure produces no changes or at most a temporary blood pressure increase * Dog no. 11 was given a 6 months' course of phenoxybenzamine solvent prior to phenoxybenzamine without any significant effect on hypertension. for 1 to 3 months in dogs. 7 ' 8 Obviously, bilateral carotid sinus resection produces both an alteration in cerebral hemodynamics and absent carotid sinus nerve function.
In favor of the possibility that carotid sinus area hypertension may result from chronic loss of carotid sinus baroceptor function is the inferred absence of carotid sinus baroceptor function in 10 of 11 chronic sinus area hypertensive dogs and in 2 carotid sinus branch hypertensive dogs which showed a + response to sodium cyanide. However, 1 vertebral artery constricted hypertensive dog and 1 carotid sinus area hypertensive dog showed a normal respiratory response. Experiments to test carotid sinus baroceptor function directly in carotid sinus area hypertensive dogs must be conducted. A more definitive experiment to settle the possible pathogenetic role of absent carotid sinus nerve function would be bilateral resection of the carotid sinus nerves in a group of dogs with blood pressure determination for 6 months or more, followed by constriction of the carotid sinus area or of the branches immediately above the sinus. Such an experiment is under way.
The results of cerebral angiography suggest the possibility of an inverse relationship between the level of the hypertension and the amount of constriction within and collateral circulation about the plastic clamps. The results are difficult to interpret in terms of pathogenesis except that they demonstrate a grossly normal cerebral circulation as compatible with the hypertension.
The negative results with antirenin sharply differentiate carotid sinus area hypertension from experimental renal, spontaneous, and pyelonephritic hypertensions in dogs. The latter are known to involve a renal, renin factor pathogenetically. 5> 6 The results are not necessarily in conflict with Rosenfeld's report that resection of the renal nerves in cerebral hypertensive rabbits reduces the blood pressure to normotension. 9 The variable effect of pentobarbital anesthesia on the hypertensions of dogs with bilateral constriction of the carotid sinus area contrasts with the reduction of cerebral hyper-tension in rabbits to normotension. 10 Pentobarbital anesthesia did not differentiate between carotid sinus area hypertension and buffer nerve hypertension in dogs.
The acute effect of phenoxybenzamine on blood pressure appeal's to differentiate buffer nerve and carotid sinus area hypertensions, inasmuch as this powerful sympathetic blocking drug produced temporary hypotension in buffer nerve hypertensive dogs but only temporary normotension in carotid sinus area hypertensive dogs. The acute and chronic effects of phenoxybenzamine suggest the possibility of increased vasomotor tonus or increased l'esponsiveness of arteriolar smooth muscle to normal vasomotor tone as operative in carotid sinus area hypertension. For further elucidation, the effects of ganglionic blocking drugs and of sympathectomy should be studied. The failure of phenoxybenzamine in acute experiments to reduce the blood pressure of carotidsinus area hypertensive dogs to hypotensive levels in contrast to normotensive and buffer nerve hypertensive dogs, suggests the possibility of a reset of central vasomotor control or the presence of humoral pressor substance from the brain area in carotid sinus area hypertension.
SUMMARY
A persistent hypertension can be produced in dogs by bilateral constriction of the carotid sinus area, the arterial branches above the sinus or, perhaps, the vertebral arteries, as well as by bilateral resection of the carotid sinus. Thus far, high level hypertension (45 to 90 mm. Hg mean pressure) has resulted only from the first procedure.
Renin does not appear to be involved pathogenetically in carotid sinus area hypertension.
The effect of sodium cyanide on respiration indicates that carotid body function is usually absent and aortic body function intact in carotid sinus area hypertension, but intact carotid sinus nerve function may be compatible with carotid sinus area hypertension.
Acute injections of phenoxybenzamine (Dibenzyline) reduce carotid sinus area hypertension to normotension but not to hypotension as in normotensive and buffer nerve hypertensive dogs. Chronic injections of large doses of phenoxybenzamine also reduce carotid sinus area hypertension to normotension.
Pentobarbital anesthesia has a variable effect on the blood pressure of carotid sinus area hypertension, normotension, and buffer nerve hypertension in dogs.
Either altered cerebral hemodynamics or carotid sinus nerve function or both may be pathogenetic in carotid sinus area hypertension, with present evidence favoring the first concept. The hypertension may involve increased vasoconstrictor tone or increased responsiveness of arteriolar smooth muscle to normal vasoconstrictor tone, and a possible humoral pressor substance from the brain area or possible reset of the central vasomotor mechanism.
SUMMARIO IX IXTERLIXGUA Formas persistente de hypertension pote esser producite in canes per le constriction bilateral del area del sinus carotide, del brancas arterial supra le sinus, o-forsan-del arterias vertebral, si ben como per resection bilateral del sinus carotide. Usque nunc, hypertension de alte nivellos (pression medie 45 a 90 mm Hg) ha resultate solmente ab le prime del technicas mentionate.
II pare que renina non participa in le pathogenese de hypertension effectuate per constriction del area del sinus carotide.
Le effecto de cyanuro de natrium super le respiration indica que le function del corpore carotide es usualmente absente e le function del corpore aortic intacte in hypertension del area del sinus carotide, sed intacte function nervose del sinus carotide es possibilemente compatible con hypertension del area del sinus carotide.
Injectiones acute de phenoxybenzamino (Dibenzylina) reduce hypertension del area del sinus carotide a normotension sed non a hypotension, como illos lo face in canes normotensive e in canes con hypertension a nervo tampon. Injectiones chronic de grande doses de phenoxybenzamino etiam reduce hypertension del area del sinus carotide a nivellos normotensive.
Anesthesia a pentobarbital ha un effecto variabile super le pression sanguinee de canes in stato de hypertension per constriction del area del sinus carotide, de normotension, e de hypertension a nervo tampon.
Un alterate hemodynamica cerebral o un alteratc function del nervo del sinus carotide pote esser considerate como factores pathogenetic in hypertension del area del sinus carotide. Le datos nunc disponibile supporta plus tosto le prime de iste duo conceptiones. Le hypertension depende possibilemente de un augmentate tono vasoconstrictori o de un augmento del responsivitate de lisie musculos arteriolar al normal tono vasoconstrictori, e forsan de un substantia pressori humoral veniente ab le area cerebral o de un redisposition del mechanismo vasomotori central.
